Introduction
"Remote sensing" is a generic term for monitoring techniques that collect information without being in physical contact with the object of study. Overhead imagery from aircraft and satellite sensors provides the most common form of remotely sensed data and records the interaction of electromagnetic energy (usually visible light) with matter, such as the Earth's surface ( fig. 1 ).
Remotely sensed data are fundamental to geographic science. The Eastern Geographic Science Center (EGSC) of the U.S. Geological Survey (USGS) is currently conducting and promoting the research and development of three different aspects of remote sensing science: spectral analysis, automated orthorectification of historical imagery, and long wave infrared (LWIR) polarimetric imagery (PI).
Spectral Analysis of Vegetation and Water
Because different materials absorb or reflect energy from different wavelengths of light in unique ways, the development of high spectral resolution sensors and analytical methods provides the ability to identify the presence or absence of target materials or conditions and to investigate physical and chemical processes at the Earth's surface. Vegetation health and water quality are two important science issues that will be investigated by using hyperspectral remote sensing techniques ( fig. 2 ). "Hyperspectral" refers to a variety of remote sensing techniques that collect reflected or emitted electromagnetic energy in hundreds of narrow, contiguous bands that record the interaction of photons with the molecular structure of the material being sensed. When processed, the resulting plot of these energy interactions, called "spectra," can be used to identify unique elements, minerals, water-quality parameters, and vegetation health and stress.
Remote sensing analyses of vegetation and water provide indicators of overall ecosystem condition, environmental stress, and landscape change at local, regional, and global scales. Advances in remote sensing imaging systems and data processing technologies have led to an increase in the use of this information to answer scientific questions related to vegetation and water issues, including the following: Combinations of techniques such as laboratory chemistry, field sampling, field spectroscopy, and overhead hyperspectral imaging are being used to detect the signatures of specific contaminants and stress conditions at local to regional scales ( fig. 2) . Studies include the spectral analysis of heavy-metal contamination in soils and vegetation and the analysis of nitrogen loading in small watersheds.
Automated Orthorectification of Historical Imagery
Overhead imagery in various forms has been routinely collected since the 1930s, and some images are available from even earlier. Each image represents a frozen moment in time and can be used to develop a temporal analysis of changes in surface conditions for a period of 70 years or more ( fig. 3) . One of the primary scientific tools for the analysis of temporal landscape change can be found in the vast archives of airborne and satellite images held by the USGS Center for Earth Resources Observation and Science (EROS), the USGS Advanced Systems Center (ASC), and other public and private collections (Slonecker and others, 1999) .
Understanding landscape change over time is fundamental to many aspects of geographic research (U.S. Geological Survey, 2002). However, realizing the fundamental value of historical imagery for landscape-change studies is still severely restricted because most of this imagery exists only in analog formats and lacks geospatial registration and cartographic fidelity. A significant level of effort is required to convert analog images into digital geospatial formats that are compatible with a geographic information system (GIS).
Orthorectification is the photogrammetric process of removing inherent distortions in aircraft or satellite imagery to create new digital images that are geometrically accurate and referenced to an Earth coordinate system. Until recently, the process required the decisions and actions of a skilled photogrammetric technician and was time consuming and resource intensive.
Recent advances in pattern recognition, database management, and digital photogrammetric processing have enabled the development of a completely automated orthorectification capability. This automated capability has the potential to transform massive holdings of analog and unregistered imagery into digital, geospatial, GIS-compatible image data that can be managed, referenced, and retrieved in a geospatial database. Such databases will provide critical temporal landscape-change information for climate-change research and other long-term studies.
Long Wave Infrared (LWIR) Polarimetric Imagery (PI)
Long wave infrared polarization is an experimental remote sensing technique that seeks to characterize the structural, as opposed to reflective, characteristics of a target surface. It has the potential to identify objects or situations that are not recognizable by the human eye ( fig. 4) and can improve mapping of forest understory land uses, a constant problem in remote sensing (Felton and others, 2007) .
Imaging polarimetry measures the vector (directional) nature of reflected or emitted energy in an image. In contrast to images from conventional sensors that record spectral information about the materials in a scene, polarimetric images have data on surface features, patterns, shapes, and roughness (Tyo and others, 2006) .
Passive imaging polarimetry has recently emerged as a potentially powerful new enhancement to the toolbox of remote sensing capabilities. Passive imaging polarimetry may help researchers to provide better understory estimates of impervious surfaces and other manmade objects. fig. 1 ).
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